Background: Next generation sequencing (NGS) to detect actionable genetic abnor-
| INTRODUCTION
Molecular testing has now become the standard of care in various solid organ malignancies, which has a huge impact on the role of the pathologist and practice of cytopathology. [1] [2] [3] [4] [5] Next generation sequencing (NGS) has particularly impacted the management of stage 4 lung adenocarcinoma because of the increased availability of targeted tyrosine kinase inhibitor therapy. Many studies have shown that the molecular results obtained from fine needle aspiration (FNA) cytology material are comparable to those obtained from surgical samples. 4, [6] [7] [8] Cytology material is often the only available sample from these tumours because of the increasing use of the least invasive methods for obtaining sample in advanced stage disease. 6, 9, 10 Cytology specimens offer other advantages such as non-formalinfixed high quality DNA and a variety of specimen preparations.
However, the success of NGS results from limited cytology material can be invariably affected by certain preanalytic factors such as tumour volume and fraction of tumour cells. 11 We performed this study to validate and optimize tumour DNA extraction, and to determine the minimum quantity of specimen required from Papanicolaou (PAP) or Diff-Quik® (DQ)-stained cytology slides in performing molecular studies. We intended to find any correlation between DNA yield, pattern of distribution of tumour cells and tumour fraction on the cytology slides. An important goal of our study was to establish the guidelines/criteria for choosing cytology slide for NGS in the event that there was insufficient cell block material. 
| MATERIALS AND METHODS

| Selection of cases
| Preparation of smears from fluid
The fluids were collected in CytoLyt vials. The samples were centrifuged for 5 minutes at 2200 (Rotanta 46, Tuttlingen, Germany) or 2500 (Sorvall ST 16R, Langenselbold, Hesse, Germany) g. The supernatant was poured off and one or two drops were pipetted into a PreservCyt vial for ThinPrep preparation followed by T2000 after 15 minutes. One drop was pipetted from the bottom of pellet onto charged slide for smearing and performing PAP stain. All four fluid smears were PAP smears.
| Review parameters for cytology slides
The different type of stains included PAP and DQ-stained smears.
The review parameters included type of smear, pattern and arrange- 
| Methodology for DNA extraction
The slides were kept in a jar containing xylene for approximately 3-4 days to get the coverslips off the slides. After the removal of the coverslips, the cells from the cytology slides were scraped off using disposable scalpels by the cell geneticist in the molecular laboratory of our institution. DNA extraction was performed using DNeasy
Blood and tissue kit following DNeasy spin-column protocol.
A Nanodrop 2000 (Thermo Scientific) was used to measure quality and quantity of DNA. The data were tabulated and evaluated for the total yield and volume of DNA. Of these 34 slides, five cases including low-and high-yield DNA were chosen to perform NGS lung panel and the results were compared with the original molecular report.
Quantitative data were analysed using Excel and StatTools regression function. A test result with a P value <0.05 was considered statistically significant.
| RESULTS
We analysed a total of 23 cases yielding 34 cytology smears. Table 1 shows 
| Smears for molecular study
We chose five random smears with high and low DNA yield as well as different tumour fraction percentage and distribution pattern for performing NGS. Their tumour fraction, DNA yield, pattern of distribution and NGS results are shown in Table 2 .
EGFR mutation was found in four of the five cases sent for NGS lung panel. The mean and median DNA yield was 2.3 and 2.5 μg,
respectively. The median tumour fraction was 30%. The smear with negative EGFR mutation had low tumour fraction (25%) with rare scattered tumour clusters and DNA yield of 0.2 μg. tumour fraction of 90%. We did not find any significant statistical difference between overall DNA yield and tumour fraction (P = 0.14).
| DISCUSSION
The mean and median DNA yield was higher in group 1 (1.78 μg, We were able to demonstrate EGFR mutation in four of the five randomly chosen samples after DNA extraction in our institution. One case revealed BRAF mutation, although it had EGFR mutation in original mutational analysis done on prior histology material. BRAF and EGFR mutations are normally mutually exclusive with rare instances of both abnormalities being detected. With this study, we were able to validate DNA extraction from direct cytology slides whether air-dried or alcohol-fixed for NGS. We circle the tumour-rich areas on the slides whenever there is low cellularity or low fraction. The assessment of having enough material for NGS on the cytology smears is routinely done at the time of rapid onsite adequacy assessment to prevent any revisit for FNA procedure on the same patient.
| CONCLUSIONS
DNA with good quantity and quality can be extracted from the cytol- 
